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Abstract
We report new constraints on the existence of additional Z bosons derived from neutrino{electron scattering
data. The analysis is based on data taken by the CHARM II Collaboration during ve years of exposure of
the detector to the wide band neutrino beam at CERN. The limits on the mass of these new particles are
evaluated in the framework of E
6
superstring-inspired theories and Left-Right symmetric models. Limits
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Introduction
The existence of an additional Z boson is foreseen
in many extensions of the Standard Model of elec-
troweak interactions. In this context, the analysis
of weak neutral current data is of particular inter-
est if this new particle is associated with an extra
U (1) symmetry, and has a mass in the range of 0:1
to 10 Tev.
Low-energy neutral current amplitudes are in-
fact modied in the presence of an extra Z boson
mainly by the Z
0
exchange term, the Z Z
0
mix-
ing term, and to a lesser extent by the downward
shift of the ordinary Z mass. In particular, the
vector coupling to charged leptons, which is usu-
ally small in the Standard Model, is very sensitive
to the presence of an additional Z.
The high precision reached by the CHARM II
experiment in the measurement of electroweak pa-
rameters [1] enables us to set new limits on the mass
of this Z
0
boson. The outcome of this analysis to-
gether with the latest published results constrains
further physics beyond the Standard Model.
Theoretical framework
Following the procedure described in Refs. [2, 3]
in this paper we consider the limits that can be set
on additional Z bosons expected in grand unied
theories (GUT), based on the E
6
gauge group, and
on the Left-Right symmetric extension of the Stan-
dard Model. It is impractical, in fact, to deal with a
completely general extended neutral current sector
because, in addition to their masses and mixings,
one must specify the couplings of each additional
Z to all relevant chiral fermions.
We will also discuss the limits on a heavy
Z
0
boson with the same coupling as the ordinary Z,
although such a particle is not expected in gauge
theories.
The interest in the gauge group E
6
has been re-
newed by the possibility that a superstring theory
might be a candidate for GUT [4]. In E
6
theo-
ries, additional gauge bosons can arise simply by
the fact that the E
6
group has rank 6, two more
than the Standard Model. As shown in Ref. [5], a








SO(10) ! SU (5)  U (1)

;







. In this way if there is an ad-
ditional neutral boson at low energy it can be ex-
pressed by a mixture of the two additional U (1)
















is a mixing angle, usually dened in
the range 0  
E6
< . The properties of
this new neutral boson are thus a function of the

E6
angle [2]. Values of 
E6
= 0; =2, and
   arctan
p
5=3 dene, respectively, the so-called
;  , and  models
1
.
With respect to Left-Right extensions of the







denes a light Z
LR
, orthogonal
to the ordinary Z, whose coupling strength to the



































is the weak mixing angle. In particu-










with the ordinary Z
o
leading, after spontaneous
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where i = ;  ; , or LR. In this context the ef-
fective Lagrangian that describes the weak neutral






























where the index i identies the chosen model, as
usual. This modied structure for the Lagrangian
1
The  and  models occur when the rst or, respec-
tively, the second of the two sequential breakdowns dom-
inate in the mixing, whilst the Z

boson occurs in many





has the eect of changing the Standard Model
couplings of the known fermions. In particular,























neutrino{electron scattering could thus give inter-
esting limits on possible physics beyond the Stan-
dard Model.
Analysis procedure
The CHARM II detector and its characteristics are
described in detail in Refs. [7, 8]. The CHARM II
Collaboration has recently published its nal re-
sults [1] based on the complete sample of events
collected during ve years of exposure of the detec-
tor (from 1987 to 1991) to the wide band neutrino
beam at CERN. The large statistics available, con-
sisting of about 2670 neutrino{electron and 2750
antineutrino{electron scattering events yield the













=  0:035 0:017 g
e
A
=  0:503 0:017 :
Statistical and systematic errors have been added
in quadrature.
The eective coupling constants derived from
the complete neutral current amplitude in the pres-
ence of an additional Z
0
boson depends, as men-
tioned before, on the direct Z and Z
0
exchange,
and on their interference term. This dependence is























where the index i runs as usual on dierent models,
andM
o
is the theoretical prediction for the Z mass
in the absence of mixing.
Couplings can thus obtain large contribution
terms from the presence of an additional Z bo-




















is the Standard Model prediction
for the vector coupling of the electron in absence
of additional Z.
Standard Model radiative corrections are ap-
plied to the tree-level expressions used to com-
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Figure 1: This gure shows g
e
V




in the  model, assuming  = 0:001 rad and
m
t
= 150 GeV. Also shown are the individual con-
tributions of each of the three exchange terms.
Ref. [2], any new higher-order terms caused by
Z
0
contribution have been neglected.
In order to reduce the number of parameters we
have constrained the Z mass to its measured value,
M
Z
= 91:187 0:007 GeV [10]. Using the relation



















and assuming that all SU (2) breaking is due to
Higgs doublets ( = 1) of known vacuum expecta-







For xed values of m
t






























obtained by comparing the measured quantities




plane; the limits on M
Z
0
and  are given as exclu-
sion plots.
In Fig. 2 we show the 95% condence limits we
derived, compared with the results of a recent anal-
ysis from L3 [11] that used the same parametriza-










































































































= 150 GeV. Values outside the shaded areas are
excluded at the 95% CL. L3 contours were derived assuming m
H
= 300 GeV and 
s
= 0:12.
mass limits are summarized in Table 1 for all the
models.
In spite of the lower accuracy in the measure-
ment of the coupling constants with respect to LEP




than those coming from quantities measured at the
Z
o
peak; this is mainly due to the fact that low-Q
2
neutral current amplitudes are in principle more





term contributions. On the other hand, limits on 
are related to the downward shift of the M
Z
mass,








For comparison, Table 1 also shows the best lim-
its [12] on Z
0
mass which come from direct searches.
We now consider the limits that can be set
on the so-called Z
1
, a clone of the standard Z
not present in any gauge model, but useful to
parametrize limits on new physics.
This neutral boson couples to the known
fermions with the same strength as the ordinary
Z, but has a larger mass. From the expression of
the neutral current Lagrangian, and following the
procedure described in [13], the Standard Model
prediction for electron coupling constants to the

















= 150 GeV and  = 0. L3 bounds
were derived by xing m
H
= 300 GeV and 
s
=
0:12. Also shown are the direct search limits
from CDF, assuming Z
0
decay into known fermions
(highest values) and all known and supersymmetric
fermions (lowest values).
Model CHARM II L3 CDF
 262 117 280  340
 135 118 180  320
 100 100 230  340



































and the gauge couplings ratio g=g
0
is taken to be
equal to one.
To be compatible with the values measured by







> 433 GeV 90% CL :
This limit signicantly improves the indirect
bounds on the Z
1
mass derived from previous
searches in the neutrino{electron scattering sec-
tor [14], it is competitive with the limits obtained
from neutral current data analysis [15, 16] as shown
by comparison of the CHARM II results with the
latest Particle Data Group compilation given in Ta-
ble 2 [17].




CHARM II results assume m
t
= 150 GeV and
 = 0
   LR Z
1
CHARM II 287 150 108 278 433
PDG 320 154 125 325 426




> 398 GeV), the result of this analysis is




> 412 GeV [12].
Conclusions
The high-precision measurement of the electroweak
parameters in the framework of the Standard
Model enabled the CHARM II Collaboration to im-
prove existing limits on the existence of extra neu-
tral bosons coming from indirect searches in the
weak neutral current sector; bounds on the mass of
this boson are obtained in the most common the-
oretical models in the permitted region of mixing
with the standard Z
o
.
The limits obtained are competitive when com-
pared with those from the direct search.
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